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« Il ABSTRACT
Numerous methods for predicting structure re-
spense to airblast caused by HE explosions were
developed during the last twenty years. The rigor,
complexity and sophistication of the methods are
knowr to cover a wide spectrum. Some the less
complex but widely accepted methods are examined,
assessed, and discussed relative to their degree
of conservatism. To support their assessment,
the authors critically examined the structnral
design parameters used in the predictive meth°di;

BACKGROUND

The Corps of Engineers, as the Army's
designer and bullder of military facilities,
maintatns a continuing interest in the technol-
ogy of the effects of weapons and explosions on
structures. The earliest design techniques were
related to projectile penetration and then came
the great interest in effects of nuclear weapons
including blast, shock, and other associated
effects. During World War II, there developed
relatively crude procedures usually "rule of
thumb" methods to estimate effects of accidents
at the many munitions and explosive manufacturing
facilities which we rapidly erected during the
period 1941-1945. In the last 30 years, problems
of design of structures to resist the effects
of HE explosions have been addressed on a more
rational basis.

Two of the most recent non-nuclear documents
reflecting the Corps' efforts are TM 5-1300,
Structures to Resist the Effects of Accidental
Explosions (1969), and HNDM-1110-1-2, Suppressive
Shield Design and Analysis Handbook (1977).

These documents, among other Corps references,
provide our basic guidance. However, the Corps
design activities have not been restricted to
these two documents.

Many methods conforming to other authorities
are also used. Some of the most frequently used
methods are: (1) ASCE Manual 42, (2) Air Force
Manual 500-8, (3) Defense Civil Preparedness
Agency (now Federal Emergency Management Agency)
Protective Construction, and other texts usually
agssociated with structural dynamics.
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APPROACH

Our experience with HE explosions typically
centers on three basic types of airblast loading:
(1) pressure-time (triangular), (2) impulsive,
and (3) the combination of impulsive and pressure-
time loading as shown i{n Figure 1.

Accordingly, each of these loads was sepa-
rately included in the analysis. It was consid-

ered important that these loads be treated
separately in view of possible variances in con-
servatism in the methods under the different
loading.

TYPE OF LOADING
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Since reinforced concrete prevails among pro-
tective structures, we selected a reinforced
concrete wall as the structural element for our
asgsessment of the methods. After determining the
loads and the structural elements, we proceeded
with our analysis.
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STRUCTURAL CAPABILITY

The two-way roinforced concrete wall in
Figure 2 was designed for flexure as indicated
by the main reinforcement. No shear calculations
were made, For our purpose, it is assuned that
shear may be adoquately provided. Flexural
strength and other structural propertics are tab-
ulated in Table 1. These wore used as the basis
for calculating deflection used in our comparison.
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TRIANGULAR LOAD

A family of curves is plotted for the rein-
forcad eoacrate wall to predict the wall deflecs
tion rvesulting fvom a triangular pressure~time
toad. Bach curve reprosonts a specific ductility
vatio, u, hence deflecelon. See Figure 3,
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By loecating the coordinate (td. P.), the
ductility ratio may be estimated by inEerpolattng
between the u's, For a ductility ratio, u= 3,
two curves are shown; one for T™M 5-1300 method
ané the other for the suppressive shield method.
All the other methods previously discussed are
distribured in the shaded band. A close observa-
tion indicates that the T™ 5-1300 curve is more
cougervative than cthe others, because being on the
lower eide of the shaded band it has more rostric-
tions on the limits of prossure and duration for
the given ductility ratio, v = 3. The Suppressive
Shield Handbook cutv= is less vestrictive, allow-
ing 25 percent higher progsures for the sane dura~
tion and ductility racio.

IMPULSIVE LOAD

When the wall is impulse sensitive from close~
in oxplosions, deflections ave also predictable,
Based on the curves in Figure 4, the T 5-1300
curve on the lower side of the shaded band {s con-
servative because being on the lower side of the
shaded band, {t has move restrictions on the
limits of the impulse for a given deflection. The
Suppressive Shield Handbook curve ts lesn restric-
tive allowing 20 percent higher impulse for the
same deflection. Curves for the other metnods
cre distribiated withia the shaded band,
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COMBINED LOAD

fthe cosbired load conalata of an {mpuletive
lead followed by a prolonged pas preseure. A
family of eurves {8 shown in Figure 5 and each
eurve repieseats a specific dueriliey vatio, u.
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After locating the coordinate (Pye, 1p), the duc-
tility ratio, u, can be cutimateg by inrerpola-
tion between u's. The ductility ratio curve u = 3
for ™ 5-1300 and the Suppressive Shield Handbook
mothods arce shown. It con be demonstrated again
that the T™ 5=1300 curve on the lower side of the
shaded band is wore consorvative than the
Supprussive Shicld Handbook curve on the upper
side of the band, ™ 5-1300 is more testrictive
on the lisits of tmpulse and gas pressure for a
given ductility rvatieo, u « 3, The Suppresstive
Shield curve is less restrictive allowing 15
percent fmpulse or 30 percent higher gas pressuve
for rhe samo ductility ratio,
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EXANPLE

the charge welght, distance and load para~
meters are showm jn Figure 6,  fThese ausbers
provide an appreciatioa for rhe magattude invelw s
apd an understandtag of the cugves. Applyiag load
paraseters on the wall, deflectione are estlmated
by using Plgures 3, 4, and 5. Thesd examples are
aot restricted te say one method, i.e., both T 5~

1306 and Suppressive Shield sethods ave used balew.

for tha BOOD# INT ar 100 feer, wheve Pg = W0
pai and £, = 16 ws, select from Figuvre 1 (1M S~
1308 eurve) approximate u # 1.4 o Xg & u¥, = 1.4
% 0.13 i, = 6.2 s, For the $12 1b, INY &t 10
feer, whare &y © 1920 paj-ms, select from Figure
& (Suppressive Shield curve) Xg = 7.4 do.

Fov the contained 8 lh, INT at 5 feet, vhere
t¢ = 1BG pai-ss and Ppe = 64 pai, seleet from
Figure 5 (DM 5-1100 eurva) approximate uw = 1.3 ey
g = 1.3 2 001Y = 0.2 tn. These dafiections
coapare woll with the caleulated ¥g in Table .

ASSUMPTIONS

four factors influence the differences in the
predictive methods; yield line assumption, moment
of inortia, modulus of elasticity and sttEfncss. As
espected, the variance within these factors are the
basis for the differences in the predicted daflec~
tiot.

YIELD LINE

In most two-way stab designs, the effective
wnit resisting moments are assumed to be uniform~
1y distributed oun the yield lines. In ™ 5-1300,
the ef fective resisting moment at the corners are
veduced by one thivd. This reduction causes the
1M 5-1300 mothod to be significantly conservative.
Sew Figure 7,
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MOMENT OF INERTIA

the formulas for womeats of {aevtia are shown
iu Flgure 8.

FORMULAS FOR MOMENT OF INERTIA
{REWFORCED CONCRETE 3LAD)
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Apprectable differcuce in I, appears whea the
slab thickness to small, This is atteiburadle to
the use of Y% ia ™ $~1300 and “4" in the athoe
wothods.
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MODULUS OF ELASTICITY

When 3600 pel concrete is specified, the Eg
in Flgure 9 is the same for all methods, See
interscction of curves.

MODULUS OF ELASTICITY (concrere)

e W33 1 TMB-1300
A F MANUAL
S5 HNDBK.
8166S

E 1000 ¢’ MANUAL 42
PROTECTIVE CONSTR.

“
8110° :yo‘)..»

<
. P -
o 4310 s““‘: . //
w 3!‘0‘ ie"’/ o
2 a0’

. e g+ —r————— o

2000 3000 4000 5000
x

Pigute 9
Since most concrere atrength for airblast

loads exceed 4000 pst, a difference {n modulus
of clasticity s unavoidable.

STIFFNESS

With the exeaption of protegtive construction
and Manual 42, the equivalent stiffnesses are used.
From cur preceding exawple, the stiffuess by Manual
42 is significantly higher as shown below:

Minual 42 ko« 807 Ecta
Peotective Construetion Ty
L,

-1
Gehere b = 605 Keia
£

L‘.a

DISCUSSION

The assessmont on the relative conservatisms
are based on airblast data from T™ 5-1300 curves.
The more recent data tn the Suppressive Shield
Handbook is significantly different, The differ-
ence in impulse is scen in Figure 10, 1M $-1300
is as much as 60 percent higher.
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Yf the latest data were separately used in
the Suppresstve Shield Handbook method, the
differences in conservatism between methods would
be move pronounced.

We have examimud the extrewmes in the pre-
dictive methods, OFf the six methods, no compari-
son wag nade s to how new each related to the
other in consevvatinm. tThe best basis for judge-
went §8 the comparisea of deflectfoas {a Table 1,

o our examinatien of the metheds, we assumed
all merhods are conservative. This assuspticn (s
suppotted by testing of full scvale and model
strFuctuyes in previous Army programs assoclated
vith the development of Corps of Enpgiucers manuals
for hardened structuves., Accordiagly, we consider
the assumption tuv be reaswnable,

CONELUSTON

o assessing the relative cvoaservatiss of the
eathode, the faeus vas on both ends of the spee-
crwa; the most copmarvative orR oae end and the
lzast conservative ga the other, UWe identified
the ™ 5=1300 mathod as the most conservative aad
the Suppressive Shicld Randbook methed as the
least coauepvative.




Based ou the maximum defluction, Xy, in
Table 1, the order of conservatism begluning with
most conservative to least conservative follows:

1. ™ 5-1%0

2. Manual &2

3, Protective Construction

4. Air Force Manual

5. Biggs

6. Supprassive Shicld Handbook

In general, because of similarity, i¢ would
be more appropriate to group conservatism as
follows: IM 3=-1300 by itself as the most conserva~
tive; Manual 42, Protective Construction, and the
Alr Force Manual in the fntermediate group; and
Biggs and the Supprossive Shicld Handhook as the
least conservative group.
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